cyte-macrophage colony-stimulating factor (GM-CSF) after Hochuekkito treatment was significantly elevated 2 and 3 days after infection. The mRNA levels of 7 defensins after infection increased compared to preinfection values. The key roles of TJ-41 were not only stimulation of type I IFN release but also GM-CSF-derived anti-inflammation activity. Furthermore, defensin (antimicrobial peptide) mRNA levels increased by infection and were further enhanced by TJ-41 treatment. Defensin might prevent influenza virus replication.
Introduction
Traditional herbal medicines have been used to treat almost all infectious diseases for more than 2,000 years in China. In Japan, some of these herbal medicines (Kampo) have been used clinically for various diseases as well as infectious diseases. It has been confirmed that Kampo medicine possesses various virological activities [1] [2] [3] [4] [5] [6] [7] [8] .
Pandemic influenza A virus has long been a public health threat. Selected herbal medicines, Maoto and Hochuekkito (Hochu, TJ-41), were clinically effective against influenza infectious disease [8] , although details of the immune response kinetics against influenza virus infection were not elucidated.
TJ-41 possesses several biological activities and enhances host immunoresponses in animal experiments. Mori et al. [9] reported that TJ-41 elevated the levels of interferon (IFN)-α in bronchoalveolar lavage fluid (BALF) on day 2 after infection. Subsequently, the immunodefense mechanism against virus infection was elucidated [9, 10] . The cell-signaling route in immunomediated cells for various virus infections, including influenza virus, and the direct action with an antimicrobial peptide, defensin, have been clarified in recent years and cannot be explained by the secretion of IFN-α alone [11, 12] .
Anti-influenza virus activity was tested using the Balb/c mouse strain. In the present report, our purpose was to confirm the survival rate of another mouse strain, C57BL/6, and to clarify the main mediator which responds to influenza virus infection with IFN-α. To clarify the cell-signaling mechanism in the cell, we administered high-dose TJ-41 to the mice.
On the other hand, defensin peptides are known for their broad-spectrum antimicrobial activity [13] [14] [15] [16] [17] [18] .
We have already found that the defensin mRNA level in the spleen increased when TJ-41 was administered to normal mice (data not shown). We determined whether defensin mRNA in mouse lung after infection changes with the effect of TJ-41 pretreatment.
Materials and Methods

Animals
Male C57BL/6 mice at the age of 6 weeks were purchased from Charles River Japan Inc. The mice were given food and water ad libitum and kept in an air-controlled cabinet at 23 ± 1 ° C with 55 ± 5% relative humidity for 1 week until the time of infection.
Herbal Medicine
Hochuekkito (TJ-41), consisting of spray-dried hot water extracts of 10 medicinal plants, was kindly supplied by Tumura & Co. (Tokyo, Japan). TJ-41 consists of astragali radix (16.7%), Atractylodes lancea rhizoma (16.7%), Ginseng radix (16.7%), angelicae radix (12.5%), bupleuri radix (8.3%), zizyphi fructus (8.3%), aurantii nobilis pericarpium (8.3%), glycyrrhizae radix (6.3%), cimicifugae rhizoma (4.2%) and zingiberis rhizoma (2.0%). The chemical profile of TJ-41 obtained by 3-dimensional high-performance liquid chromatography (HPLC) analysis is shown in figure 1 . The HPLC condition was as follows: column TSK Gel ODS-80TS column 250 × 4.6 mm (Tosoh, Tokyo, Japan). The solvents were (A) 0.05 mol/l ammonium acetate-acetic acid buffer (pH 3.6) and (B) 100% acetonitrile. A linear gradient of 90% A and 10% B changing over 1 h to 0% A and 100% B was applied (0% A and 100% B was continued for 20 min). The flow rate and the column temperature were 1.0 ml/min at 40 ° C, respectively. The UV data of the effluent from the column ranging from 200 to 420 nm was collected, and the peak analysis and assignment were performed using the system analysis software CLASS-LC10 (Shimadzu).
Chemicals
All chemicals were purchased from Wako Jyunyaku Inc.
Virus
Influenza A/PR/8/34 (H1N1) virus and vesicular stomatitis virus were provided by the National Institute of Infectious Diseases and the Ministry of Agriculture, Forestry and Fisheries, respectively.
A pool of influenza virus was initially prepared in the allantoic cavity of fertilized pathogen-free hen eggs. Virus titers were determined by plaque assay on Madin-Darby canine kidney cells and expressed as plaque-forming units [19] .
Cell Lines
Madin-Darby canine kidney and L-929 cells were maintained in Dulbecco's modified Eagle's medium supplemented with 10% heat-inactivated fetal bovine serum, penicillin (100 U/ml), streptomycin (100 μg/ml), and kanamycin (10 μg/ml).
Virus Infection
Male C57BL/6 mice at the age of 9 weeks were intranasally infected with influenza virus in a volume of 0.1 ml at a dose of 5 × 10 6 plaque-forming units/head (2 × LD 50 ). According to the animal experimentation guidelines of Keio University School of Medicine, infected mice were kept in a biohazard cabinet and allowed food and water ad libitum throughout the experiments.
Experimental Design and Estimations
Experiment 1: Survival Test TJ-41 (1,000 mg/kg) was given to mice orally once a day for 2 weeks. Two LD 50 doses of influenza virus were inserted intranasally.
Mouse survival and mortality were assessed for 2 weeks.
Experiment 2: Estimation of Effects of TJ-41 As in experiment 1, TJ-41-pretreated mice were infected with influenza virus intranasally.
Lung tissues were removed from the mouse to the target with BALF at the time of euthanasia. Each lung was cut into pieces and divided into 3 groups for several assays. Total RNA was extracted from one group using TRIzol reagent (Invitrogen), and 1 μg of total RNA was reverse-transcribed into cDNA using a mixture of random primer and Superscript III reverse transcriptase under the recommended conditions (Invitrogen). Part of the lungs was homogenized for protein extraction and another was suspended in 1% bovine serum albumin containing Hanks' balanced salt solution for virus titration using the plaque assay method. Two BALF samples were stored at -80 ° C until the plaque assay and IFN-α assay, respectively.
IFN-α Biological Activity Assay
The IFN activity showed vesicular stomatitis virus in L-929 cells by virus infection interference when it was infected [20] .
Semiquantitative RT-PCR
Quantitative RT-PCR was carried out using the Step One Plus Fast Real-Time PCR system with fast SYBR Green Master Mix (Applied Biosystems). The relative abundance of mRNA was obtained by calculating the difference in threshold cycles of the target and control samples, commonly known as the ΔΔC T method, using glyceraldehyde-3-phosphate dehydrogenase for normalization. Primers used to detect IFN-β, Toll-like receptor (TLR)7, TLR9, retinoic acid inducible gene (RIG)-1, melanoma differentiation-associated protein (MDA) 5, Leishmania G protein 2 (LGP2), interferon regulatory transcription factor (IRF)-3, IRF-7, IκB kinase γ-subunit (IKKγ), nuclear factor (NF)-κB, α-defensins 1, 3, 4, 5 and β-defensins 1, 2, 3, 4, are indicated in table 1 [21] [22] [23] [24] [25] [26] [27] . ΔC T was obtained based on the C T value of the control group compared to the infected group. 
Mouse Cytokine Assay
Statistical Analysis
Data are expressed as the mean ± SD. Significant differences were evaluated by Student's t test.
Results
Pretreatment Effect of TJ-41 on Mouse Survival after Influenza Virus Infection
Mouse survival was determined until 14 days after infection. As shown in figure 2 , the survival rate of TJ-41-pretreated mice was 90%, higher than the virus control, with a 54% survival. CTGGAGCAGCTGAATGGAAAG  CTTCTCCGTCATCTCCATAGGG  TLR7  AGAGGCCCATGTGATCGTG  CGAGGGCAATTTCCACTTAGG  TLR9  AACATGGTTCTCCGTCGAAGG  GTAGTAGCAGTTCCCGTCC  RIG-1  AAAGCCAGAGACCAAGACCA  TATCTCCGCTGGCTCTGAAT  MDA5  TGACGAGTGTCTCCACTTGC  TCCATTTGGTAAGGCVTGAG  LGP2  CTTTGACTTCCTGCAGCATT  CAATGAGGTGGTCAGTCCAG  IRF-3  GTGCCTCTCCTGACACCAAT  CCAAGATCAGGCCATCAAAT  IRF- 
Virus Replication and IFN-α Activity in BALF from Infected Mice (Experiment 2)
Hochu pretreatment prevented virus replication in BALF in the acute phase of infection ( fig. 3 ). Virus titers of TJ-41-treated mouse BALF 2 days after infection were about 64% lower than the virus control titer. IFN-α in BALF from both TJ-41-treated and -untreated virus-infected mice was determined on days 0, 1, 2, 3, 4 and 7 after infection. IFN-α levels in TJ-41-treated mice were higher than those of the control 4 days after infection, except day 7 ( fig. 4 ) . These results showed that TJ-41 pretreatment affects not only Balb/c mice, but also C57BL/6 mice.
Innate Immunosystem against Virus Infection
As shown in figure 5 , the antivirus responses were type 1 IFN stimulation and NF-κB-derived cytokine release. After virus infection, influenza virus RNA was recognized by either TLR7 or TLR9 in the host cell endosome or cytoplasm RNA sensor, the RIG-1 family. Each TLR is involved in the downstream cell signaling by using an adaptor molecule, myeloid differentiation primary response protein (MyD88) or TIR-domain-containing adaptor-inducing interferon-β (TRIF). On the other hand, RIG-like helicase (RLH) uses interferon promoter stimulator 1 (IPS-1) as an adaptor molecule. The IKK complex is activated by MyD88, and the production of proinflammatory cytokines is induced by NF-κB. TRIF and IPS-1 induce IKK complexes and Tank-binding kinase 1 (TBK1)/IKK-I activation. The production of type I IFN is induced by not only the gene expression causing NF-κB, but also IRF-3 and the antivirus gene group.
These mRNA responses after infection were determined using quantitative RT-PCR.
Intracellular Response of mRNA Levels to Several Cell Signals after Infection and the Role of TJ-41
IFN-β mRNA levels of Hochu increased compared to the control ( fig. 6 ). TLR7 and TLR9 mRNA were elevated after infection ( fig. 6 ), but RIG-1 family mRNA levels, RIG-1, MDA5, and LGP2, did not respond in either Hochu or control groups ( fig. 6 ). With more downstream signaling, IRF-3 mRNA levels to stimulate type 1 IFN were increased, but IRF-7 did not change ( fig. 6 ). For cytokine release, IKKγ and NF-κB mRNA levels responded to infection ( fig. 6 ).
Mouse Cytokine Level Estimation
The release of several cytokines accompanied by the increase in NF-κB mRNA was estimated using a multiple magnetic panel kit and a Luminex detection assay system ( fig. 7 ) . Seven types of IL, IL-1β, 2, 4, 5, 6, 10 and 12, and IFN-α and tumor necrosis factor-α tended to increase after infection, but were not significant between TJ-41 and the control. Only GM-CSF with TJ-41 treatment was significantly elevated 2 and 3 days after infection.
Defensin mRNA Level Estimation
We also determined whether several types of defensin mRNA levels changed before and after infection ( fig. 8 ) . Seven defensin mRNA levels increased after infection compared with preinfection values, except β-defensin 4.
Almost all defensin mRNA levels after infection were increased by TJ-41 pretreatment, but in the small intestine, several defensin mRNAs did not respond to virus infection (data not shown). 
Discussion
It has already been clarified that Hochuekkito (TJ-41) pretreatment of Balb/c mice inhibited influenza A virus replication by IFN-α upregulation [9] .
In this article, we determined the following: (1) whether Hochu pretreatment of another mouse strain (C57BL/6) inhibited influenza A virus replication; (2) whether anti-influenza virus activity of TJ-41 depended only on IFN-α upregulation; (3) whether an antimicrobial peptide, defensin, played a role in preventing influenza virus replication. We have studied the immunity of the small intestine mainly using C57BL/6 mice, which were therefore used in these experiments.
(1) We confirmed that TJ-41 pretreatment of C57BL/6 mice also prevented influenza virus replication. After infection, mouse survival increased ( fig. 2 ) and virus titers in BALF in Hochu-pretreated mice were lower than those of the control ( fig. 3 ). IFN-α activity on day 0 in TJ-41-pretreated mouse BALF accumulated to that of the compared control. In the acute phase of infection, TJ-41 groups showed high biological activity of IFN-α. These results corresponded to previous results using Balb/c mice. As IFN-α consists of several genes, IFN-α must be considered to have direct biological activity, not mRNA levels.
(2) We determined whether this anti-influenza virus activity was caused not only by IFN-α upregulation. Recently, cellular protection systems against virus infection have been developed gradually ( fig. 5 ). Conventional dendritic cells or macrophages induced antivirus action, with type I IFN (α/β) release as the first step. In the second step, plasmacytoid dendritic cells induced immunoreactions depending on TLR activation [28] . RNA viruses such as influenza virus are recognized by TLR7 and TLR9 [29, 30] .
As shown in figure 5 , TLR7 and TLR9 mRNA levels were elevated after infection but RIG-1, MDA5, and LGP2 were not. The RIG-1 family may respond earlier than 1 day after infection, such as after several hours, IFN-β and NF-κB also responded, so immunoresponses against viral infection involve both type I IFN upregulation and NF-κB-derived cytokine release. TJ-41 pretreatment effects showed IFN-α/β but not other signals among the estimated mRNA levels.
Accordingly, as NF-κB downstream signals, various cytokine levels in lung homogenate were determined using multiple kits and the Luminex detection system. Changes of almost all cytokine and transforming factor levels were not clear, but only GM-CSF levels with TJ-41 pretreatment were elevated significantly 2 and 3 days after infection. GM-CSF induced the activation and differen- tiation of T cells [31] ; therefore, the key roles of TJ-41 were stimulation of type I IFN release and anti-inflammation activity, for instance T cell activation and differentiation.
(3) Furthermore, an antimicrobial peptide, defensin, inhibits influenza virus infection [13] . Almost all defensin mRNA levels responded to virus infection and were enhanced by TJ-41 pretreatment. In particular increased mRNA levels were observed by pre-administering TJ-41, as for β-defensins 1, 2 and 3. Defensin peptides might therefore prevent influenza virus replication. The action mechanism and active site of TJ-41 will be clarified in the near future.
